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(54) SEMICONDUCTOR LASER CONTROLLER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
laser controller which can get stable optical output 
without recourse to the temperature properties of 
optical output and a Tfibnitor current, without using a 
detection element such as a temperature detector. 
SOLUTION: This semiconductor laser controller can 
reduce the ripple of a monitor current or optical output 
caused by the temperature properties of a 
semiconductor laser diode LD, by resetting the signal 
amplification factor A of a signal amplifier 21 which 
amplifies the light emission level monitor signal Vma 
monitoring the light emission level of a semiconductor 
laser LD t according to the values of the reference 
temperature signal VLD0 corresponding to a light 
emission level control signal and the operation voltage 
VLD corresponding to the drive current of the 
semiconductor LD f in the control section of a light- 
electric negative feedback loop 2 which controls the 
forward current at light emission of the semiconductor 

laser LD. This can perform the stable control of optical output without recourse to the 
temperature change by electric circuit constitution, without using other detectors such as a 
temperature detector, etc. 
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3fctf>£C£l::«fcy. ;ggT2CD££l3fclt&3fefcl32l<a^ 

[0 0 4 5] L*U ±E«fi£-CI*2Bft*<T-2^6«5L 

14co^#A<^t?«)tcd6mM(7>3feai*P 2 ^ct^t* 
B3|zH2 0>»*Hai;JilE^:*«(D«ftttlz 

S«T2fl0i:*l:ilftLfe«A2Tfft4t'r 
£e Z0>t$M&T 2<Di%-£\Z\t. «*U^;U*JWm^- 
V c 2 diMU^^^-^i^Vma 2=A2 x Vm2 
(1:0)01:11 Vc2=Vm2Mm, ^CO^CDSl^ 

[0 0 4 6] fiKab«T1 fc«< ft ^ = **SE 
t«ffl*(DH«l4H3 (b)*r^-rj:3lw«*A^b 
U ia»0*]»*ftT*l4^=.*«EEJ&« I m2 0>«!:*lr# 
B1*P 2 5 ICSS LTl*«fcft« ^ST1^ 

2. ***3^pi t<ty. *o>t#a)»#«ai* i ld 

1 £ * y BrS<D3tefi P 2 * bSg*<4 C T L * 5 • 
[0 0 4 7] MtlC % Sfi*<T2**&Wl*S&T3fcSE 



(7) 
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m<^-Dtzm^. *-zm3Ltittftj3<Dmm*m3 (b> 

3Stt I mMVitiQMi^l^ P 3 ± ifrVx * - 
©i:*©BftWttl LD3k4U* Hfa©3fe*P2^ 

[0 0 4 8] ccD^fcrct^b. *H16(D^®-ett. 

u*jmmmm»i= £ y l*:%h * 

B2 0\Z7*Ltz*0 t L. IfL 

D <h a**^ P D t CDS* *<j*offl£1#ttl:: <fc y U 

*o **kh::i* % fi^«fi*A*<BrsEe~ST?fcy. mm 

SSffi"^ VLDO t U— If L D CDifif^m^ VLD 

[O O 4 9] Bl #l>LB3C:fcOT. 8ff T 2 

lEVm2, *1^J1*I*2 1 0MI#J8*i*£A2. 

P 2 Si^fcW^l/^WM^Vc 2 t-r* 

V c 2=Vma2=A2xVm2=A2x I m2x 
RPDMUiOo 

[oo5 0] aflWT 2-c— Sa>»^ici* % 

c 2 £ ftfcfc*) P £: ©MIcteSfc* U^/MHWKHA* LD^ 

a«ic6^t*ft u^hupMv c 2 ta 1 

B***58»a>»»-ei** fl#i»«*A2i:S< Z.k\z 

cty. aaT2»<D*»i/^m»OTvc 2iz»-r« 

[00 5 1] a*T 2*>&fil*aftT 1 icBHbL 

fc»*. I33lc^-r<fe5l3^^^m3t-3fetli^^ttc7)^ 

a»e§vc 2icHLr«y«aj:ai^ ^-^man 

m2. ^-^mEEVm2i:^^3ttb^P 1 

(g!3®#fiB) o z.O)k #H)^S36<b LTIi I 
LDI^ibtlW (B3©#RB) . COfiII*ajgT2 
0>»2|ia«B»|Cfiltft I LD2 J:y/J^LNti:ftoTl> 
& 0 fCt?, aSTi«l:*HJAP2W6*iSJ:54 
BftMtAI x I LD1 «tt*&<t. CCDct^tD^ — ^ 
113it<h: LTIi I ml (@3®#KB) 0 

[0 0 5 2] J:ot, aftT2ft(za3l+5*3fcU'M^ 



P2tf»&*v«c:i:l::tt*. ^-*«3ta<lm 
1 £#£><tl^C£hJu t-^iE^Vml = I ml x 

RPDta*iii«fci>t5itt*fcy. aflET i »iz»6*i* 

B*0)Bft«3t I LD2. iltttEVLD2 (BlT'liV 
LD2^*jggf^VLD0i:t^) <t <D.tfc$x{ilEI-c£ 

y. »»aair»-r4aKK<b*«»^*. itgHiiZcto 

TAWMW2 i <D««Jttt«&AeK1bdl** aST i 
ftlCli^E- ^mi± Vm2. MU^-^I^Vma 
2=A2xVm2=Vc2ffty^^M, ^-ZM 
EVm1 % ^b^-^I^Vma 1 = A 1 x Vm 
1=:Vc2t4l)«l:ai^Jait^ C*LlC£y« SIT 

1 BSKts^agT zmk&mtDnftisijuuwm^v 
c2i^y, as^4bicft6"rK«aa)3taj**(i»*fT 

[0 0 5 3] H«lz % SST 2^€>Ki>aST 3lz£lb 
Lfc«-&. S3Jc^-rj:5(w^--$im35-5feai*^tt(^ 

«#A<*tey. M»tL-ctt»*aftT2Ra>**uK 
;m««»v c 2(c^tT«iy^5«fc5ic % ^-^msft 

Im2. qE-^lEVm2i:4^*ai*P3A<f b*l^ 

1 LD3tfft6tl«# (B3®#fEB) . ^CDffittaST 

2 0>&*£ajtBtC:fcl*& 1 LD2*«**l^4ot 
L^*. f--C, aST3^|Z3fetb^P2^t,*i-i)J: ; 5 
^i&^m3£^A3x I LD3ttl>t, ZCOt^O)^^ 
>Mi LTIi I m3M»&*i* (B3®#RB) . 

[0 0 5 4] «fcoT. aflET2BH=fctt**#U'<;U : E 
-^fl-^V c 2lZ*JLt\ ^-$®35£ LT I m3*<3£ 

p 2*<f§e>*L*c:£l::£5. o*y. ^E-^m3St*<lm 
3£tt*&l*3 =E — >K)&Wm3 = I m3 x 

RPD^^4xl^<tl>^lt-C&y. agT 3^ICfit>*L^ 
l&^m3Sl I L D 3 „ ifflEVLD3i, WSST2 
BtCDlS^SSit I LD2. ®^1EVLD2 (BlTliV 
LD2$Smajg{l^VLD0i:-r^) <h OitRffilCj: 

y. s*as(c»*r^asK^b3&<»^-& 0 Jt«ffiicj;-3 
T<i-^iiiPiS2 i a>«*it«l*A«K4b«^ aST 3 

Sl:l* : E-^iEVm2, MU^;^-^i§Vma 
2=A2xVm2=Vc2r*fty^3SlJftl^ ^-^tt 
EVm3, M U^;^-^ V m a 3 = A 3 x V m 

3=vc2tft4*5i:{B»t4o csKicty; sSt 
c2i=j:y. as»b(=tt&rx«aa>xttAfn»«fT 

[0 0 5 5] SIC, SSST2, T1 P T.3l=filt«* 

(B4l*aj*T 2(D^. B5l*aST10^ B6l*a 
tT30)B$^>!?^LtU-5) . 

[0 0 5 6] *H160^ffir*l*. KBflH»*<*«-£» 
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&o 

-tBwm^v c 2 o t (D^^i^nm^i^ 

& c Kimh<D%r:$1B4f&Vm0« SSSfcl^U^-**! 
^£VmaO. #ai;&£P0£ Ltc££. 96Sfc*Jffllffi^ 

31* U^JI^— * fl-^-Vm a y *& 3 <fc 3 IC«W*fT 
IV *Ml:li : E-^(i§Vm2=lm2xRPD, % 
% UK^^-^i^Vma 2=A2xVm2=Vc2. 
5fcfcii;*JP2£fc£o 

[0 0 5 8] C^|C^LT^g*<T 1 C0<fc5l^«<^o 
tcii^lCl*. I^IEV L D 1 fcS^Sgfl^V LD O 
tCDftfzJ: U<i^iii}ii§§2 I <&e-5|Jiifi*£A2^*>A 
1 ££lb£i*&C<tlwJ:o-C\ ^f^Vml = I m 

1 xRPD, **l/^W-*«*Vma 1=AUV 

mi = v c 2. ?taj^P2^^y. ^Jg^bB#|zt5l* 

4&o 

tOO 5 9] — jgg;b<T 3<&cfc3l^< fcofcii^ 
(CI*. I^IEV L D 3 Sgffi^V L D O tOffl 

f3cfcyffi^li*SS2 1 <D{I-^*t^£ A 2^bA3^ 
^b^i±^-tlwcfc^T. ^|fVm3=lm3xR 
PD, »Lx^U : E-^i^Vma3=A3xVm3 = 
Vc2. ftfcbzfclP 2£<*y* ^%\tmz^%%W^)i, 

[0 0 6 0] S7l**||J&<Z>B^I::|lLT. -fl-^ 

fE-^^I§§2 1 ^^^T>^2 2lz£ y«j£L* »*S 

gf^v l d o tWiftmKv l d tiz£ y &#)<£>{i-^ii 

«*A£« »S:S2 3|Ccfcy^t>^^^t|I^Jgm^VL 

d o ta^mffv l d £<D2tt«^o>£«1Ki=:<J: y ftffi 

L. ^"^T>^2 20tti^lfil^W^^ ; 5«^i:$^Tt> 

So 

[006 1] cfcyitt^li, *Wt*H©*^T>^ 

2 2(Cj:yffi^$tuTfcy. Iffil:«iiggf^VLD 
0 tWlttm&V L D(DM®«-^(V L D-V L D 0) 
Htglz^e - $ mE ( V m) SA^I Ltz^^T >^2 2 

So 

[0062] Vma= (R2/R1) { (VLD-VL 
D 0) - Vm} 

d:oT. ^!rt§-S§-(V LD-V LDO)<t3j"^7>^2 2 
(D^#it*B*A**S-r-5«»vR 1 . R 2(D^^-a-(Ccfc 

*^7feu^<;uM^i{i^vc<t^L<^y. fro. afeiii^ 



So 

[oo6 3] *§tw<D 4 m-<Dmmoi&WL$:mBRzfm9 

**aK«*VLDOfc»ft«ffVnritlCj:y«# 
JMB*C t SHE LT* 1 0>m^l§*S§l 2 4 a>W*flWC 

25tlZj:y. 1 i=t8§s-r««#Ji«w« 

[0 0 6 4] **lto»fflicfe^r*. *<D3fcMI3ltt 

a>m2 0){i^ii«tiSl2 5CD{=^i§*i^c^. 
#vLDot»ft«ffvLDi:a)ji«#*y*»r. a 

[0 0 6 5] *HJ6<D^ffiO>«JSr3j:^tf. flMtftflM 
V&*>*-$ lEJ-B^ i <Dii^iiig§§ 2 4 led: y - 

^r^ii-^ii'li^co<t^ii*i*m2G>{i^ii>H§l2 s 

[0 0 6 6] fcrfc, H9l**HJ60^«Slr||LT. m 
1, m20>ff«i8NW2 4, 2 5 0>JI#nak«A«*» 

-r^o-efc^o B9ic^-rwei*. $1, ^2com-^ii 

«HS§2 4, 2 5l*f5jHt^^<T>^2 6, 2 7^Sg8 

vm' , ^3feu^;u^-^fi-^Vma(i^<D^-e^$*t 

So 

[0067] Vm' =- (R2/R1) (Vm) 
Vma = (R4/R3) { (VLD-VLDO) -V 
m' } 

±z£cfc ^-JBVmfcJttl/KH-XIfYma 
0 lift I i *st -C* £ *i & o 
[0068] Vma= (R4/R3) { (VLD-VL 
DO) + (R2/R 1 ) (Vm) } 

*mm<D&m\z&iti\t % a«#«< ttofc»*ici«M* 

^< «t-3fc«6lctt»^«ffV L D3b<±A<y <|««M* 
LD(D«fe S^jSffl3S^L%TSSr^Ci:IZcky, 
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m sst a txnmng. ft as® z «t o z. t *<t £ 

[0 0 6 9] *SEBJfl>S5 = a>i!;&£(DJl$&£l2l O&tfH 

^ ir 33 it m * a p-*agi^tt-&^-sic«o?E"iC- ; 

*3fcL'<;u$OTft-S§:V c ±:*0)itl£ft#-e&-5>36ikU'"< 
W-$itVmii(fL^tSt ■Sftftlzfcl'^ .56 

-sro^itn^DT-^ii^-rsmi o>ft*Jtfl«2 

b)tlfct-$tEVm' £g*Sg<H#VLDO<fcB)tt 
flEfll (ftftft) 0)183* iff o ft#ftft» 3 otl=«fcy. 



[oo7o] ft*j. *mmo>jemzt3i*x. m^mmm 

3 OI=J:y^=.$SffVm' a)ft-S§^>Iffi£ii3S-r £J£ 
^L*£ l"ft*ig»gj fciftf. ft*itMgE*<-tzDO)£ 

[o o 7 1 ] *mmojtzmo>&*Bnmi*m-a>ni&o>f& 
mom-skmzmcx'tb&is^ *mma>mmiz&^T 
i*. fs^ft^T-fe-s^ssasft-s^i-r'Sfti mm 
^ittgs§2 9<t. ft 1 o^-sngigft 2 a let y m^mm 

ttma v l d twjus-^i^s-^LNTiss^tL-sfi-^iia 

m' ©S*iffi<Oii&£fr5<i#it33E$§3 Ot£ft*. 
£*#ft£ LTl>4. f3&a>m-. ftnOIIJSOTJfcftKfc 
ivctt. ag£<bi$0)^$«EO)*i§IE£. %=-$ft« 

xi*-E.mm&o>Tz=*m*kimmgm?z>zkiz£ y 

froT^SflJlcStur. #ftft<D»»T?l*. aSft<(fc# 
y. «/KfBEftft£fx5;i JBfllffift^-* 

[0 0 7 2] ftfc\ B1 1 l**Hi6(0»lSl3iiLT. ft 
1 0)ft*ig*IS§2 9. ft#lfMS§3 O0)JiftMft«Jfcft 

s^-rto-cabs. @i i i=5ft-r«-ei*. miotic 

*§Sf2 Q[tit«T^Zf3 1 l=«fcijftft**i. A^iiX* 
3 Oli^T^S 2£3Sgft2 8l=*y«tft£*w ft' 

*a>tt*ift5i-t?fe£^$ft*vm' . »jtL"<;u^- 

$ft#Vmal42fcO)5$T'5ft£:h.-&. 
[007 3] Vm' =- (R2/R1) (Vm) 
V m a =- (VLDO-VLD) -Vm' 
_L5* J: y *:=.$ft-S|<i:56JfcU'<;U ; E--S>ft#Vrn a 0)11 

[0074] Vma= (VUD-VLD0) + (R2/ 
Rl) (Vm) 



*SSJ6fl)»ffil=«k*Ltf» aS*<«<ftofcft&l::l4BH* 
SEE V L D A<T*< y <l*lgMg E l43S4>f ag*< 

x < ft o fc^^ ic(*»f* ma v l d y m ^lgas 

EttftUrT*. ;:0>J:?ftft*18«SE£#ftt*U— 9 s 

l d <m&tr&mmmziii-5v*xm.&T* - tir^y - 

*§ b;h.£ftffi2i0)lifiigftf&iep£ ft? w t A<T?#*. 

[ 0 O 7 5 ] *#glg(Ofte90)3gffi0)Ji$tg$BI 1 2 |C»^J 
l>TUiB^-r^ 0 *Hffi0)fl5ggl*. «jttf» @10^1 

1 i=^Lf=«fc5ft«fi£0)ii^0){g-^iiaS3 oo)fi^ii 
«KE(D%£(=Bi-r«. tt*tti=i*. <i#iiass3oo) 
ftftftXftE$&K>«fetf>i=. s^sgii^vLDot 
w>ttm&vi-Dto>mwim^k y. ft»ft#th*AMf 

□ rot^OXM-^iiMSE^-tfPi: LT. S»ffi*fi^0) 
3Eftl=(B CTftftftttft E tfEftaflittfraft i: ft * J: 

[oo7 6] m-\ oizTKLtzmmommzxtiit* 

3fcffi;*i«6|rttLT^-$ftffiVm36<*§e>;h.£i:#s 
*!lEVmtt<i^Ji*i«2 9 D 1= J: US* 

*MI£tU *0)&. SfSgffVLD0t»MEV 

1 d t i=ft^Tfeft&:h«ftfta>iMitta>«MftiT? 

flHMMS 3 0 1= J: U «#it«Jg E /£ ltft*g*<£lb L , 

mmtoiz&ftis'<ji,*-<5im^vrn a tf&t,thz>mf$.k 

[0 0 7 7] C0)«t?ftfi|fiElZfclt-&ag^b^0)^i!) 

ft^V L D O tWlftnK V L D 2*<feUft5 tt4(V 
LDO-VLD2 = 0)„ -0)i:#ffi#lg3SSEIi4fP 

(e = o) tfty<t^o)iiai4ft^fttNfcto. f6*u 

^J^-51EVma t LTI4fl-^-igi)igSg2 9l=«fcSD 

[oo78] ^*iic«l-c. S5T2 «fcy;g<ft-5as 

T 3 ©ti^OSi^mff I*. aST2?<DU#tSVLD 

2 ( = VLD0) (Cjt'tBL^V L D 3 ift y (V L D 
0-VLD3<0) . 3tffi*lttP3i:mM0)ffi«fcy«< 
ft*. C0)t#3tai*A<;gJST2^0)S63tU/<;u$iJffl)ffi 

* v c 2 ics-j < aj^fii p 2 1 ft* «fc 5 t-r *y=«>. m 
#*«»3 o©«#i83taE*aajcfl:(=j:*ai*aa 

ft* V L D 0 t ift^Sff V L DtffliaflttS^Ut 
^Hb*1±*. ISffmSSl LD3, BtttEVLD3f± 
If*«k5lc. ■li^iiMJtEA<fiO)fitSi:*«fc5l=-r* 
(E<0) CtT. ^-^m35tlm. t-^iEVm*' 

1 563fe u^;u$«»ft^ft y * 3 J: a ca^iE v 

LDtSiSgMV L D OlZft-SlvcflHMMMEE £ 
Kft-r*Ctl=*y. flitU^/U^-^ffi^Vma^^ 
iE L, agT 2ft(0f63tU'<^S«ffllft-*V c 2lZ«t*BT 
M0)3tffi* SSS^^b^lc t f§ * ^ i « 

[007 9] asT2«kyft<ft*aaT i om&iz 

It. ±G^M:ft«ft(0t|«^fty. Bffftffil*. SST 
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2VO>WlftWE.V L D 2 ( = VLDO) Iztt^fciofe V 
LDIt$y(VLDO-VLD1>0) % 3fctij2lliP1 

i:marofitj:yjg<'Et«>. i^t, a^mss i ldl 
aftiEv ld i STifSJ^ic. m^tias§3oro<i 

E-*53E©fil ( E > 0 ) 
*< v m 3 o> t 2\z%% u*;l^e-$ m^t 
i*T«^*i3gEgE£S5rr *;:,ti=<fcy. 3SftL-*;u^ 

-$IfVma £*iIEU SIT 2 B$ro&3t U^UifcW 
fl#v c 2 l-«fc£mMW3fcUi*£SJ£2:<bB#l:: 

[0 0 8 0] *HJfe(7>©8llc«k*itf. jjt-SigJglcfclt-S 
SlftmffSS^i: LTS^lc«LT«^ii|agE<0>:/h 

2 9CD*OTtSIE£:fcy. S,*|ggS*»£>«t Lfclfigft 

[008 1] fcfc. ftl=H€*L&lifi<. @8l-^Lfc«fc 
3lcSg2 (D<l^it*g5g2 5 *Jglifefl|jft0!>«6-Cfcil 
I*, »*iSS{i#VLDOi:iji^mEVLDi:roMi!i« 

^ai*A<-tfDro«fc^i=iim2CD{i^ititgS2 scom^ig 

li^(DiE^lr(frC.r<i#i§*i^EA<1 LT^'JMoJJt 
A^«>ffllcl£^*^^«fc5l=-r4x(iJ:tV fin*). VLDO 
— V L D = OT*j&*tliE= 1 . VLDO — VLD>Of 
&*tl*E>1. VLDO-VLD<OTfetllSE<1 IZ 

[0 0 8 2] SEoT* 0 8IC^Lfc^(O«^T?t. £ 
U— !f L D ©iifctefflSJg £ L tzm&U 

[oo8 3] *&.wo>fnm.<j>mm<»Mm$En 2tz&-3 

1 l=5iLfcJ: d'S:««<0«^<0<l^iiMSl3 OWffi^Ji 
agE(DaiSl=ii-ri>. «-SUfMSS3 0© 

m^agE^aito^fctoic s*sjg«-^vLDot 

LT. MiMi^ffi*ffi<DiEJtl::JSi:T<I-Stigj>StgE*<IE 

•efcs. 

[O0 8 4] <I^it3StgE£IECDllXI;m<0fi!JS:£>-* 
lRl£<fc±:-r-5 Chicly. (IfffiiESfia; L-\*TlM8fi& 

i= <t y i-« & r^fgg fc* a a £ it & c <t # 

[0 0 8 5] en^tii. g»«-*taaj&<s/h* (vldo 
-vld=m i n) zt&i§i£izm*kmmmE&Mn 
(e = o> ttzzziizMW-tzm-tiziz^ mnmnta 



tit LTI*-«fO J: VXt^JEtom ( (VLDO-VLD 
>M I N) £k y. <f^ii»g Et,E>0t)S:S. «fco 

— m^m^t^Az-^-±ojEom.^m^m^-3-o<Dm 
m%2$.m£iz£i)j3-z.$,vm$?ioztizt£& 0 

[oo8 6] Mi»fi^aiAA<s*fii (VLDO- 

VLD = MAX) ££$JS£l=<g-^J8»KE£-tzn (E 
= 0) irfSW-rSii^lzti. MEbft^tB^i: 

L-Cli-t£D<fcy/J\£l^(Ofit ( (vldo-vld<m 
AX) *ty. fI^JtaSE=t,E<Oi:JE£S. iot. 

Sg®HC0±^5a€ll-^-r^Ci:l=J:y. il^ffiffltt 
®TMi»l::-3£ja±<Djl<DfiI£tI*|i§3*lS3 O (Officii 
£« e (c ^ y a. -Sfoiep £fx r> z. t iz a. 

[0 0 8 7] #*5. iftlzS^Lfcl^ @8lc^Lfc«t 

fz^ S*Sft1l# v l d o tWiitmE. v l DOTMibm^- 

*t L.T<I-5H#«H**< i «fc y lM£3U*'h* l^tUDfflih. 
tMDfetofr t ^i: & J: -5 £ ff J: 
[0 0 8 8] *S£B.8a>35A0>glifea>JI£&£@1 3{C®-3 

si-rajfc. »^ss^vLDo$as^-r^,ss^# 

£ «*: 5 1= L tz t (OX- fc -5. 

[oo8 9] mft<DWim<z>mmo>i&miz&ti{£^ i&mg. 
miz j: *3tai*(7)*iiE$ fif ? u^y^-is' m^om 

^t,fl>T?fcy. *HJfero^SS-C-l*Ml!lli-^(DffiA<-tfai: 
* -5 £ # U— tf L D <©tefflSJ£®HO +^<lifi 

1f LD(Dffi®fcffl;ggmE§T-l±<I#ig3aS§3 O05ffi^ig 
SSfiEliBlS-JfairJEcy. ^i ©{B^tsS 2 9 <D*fc 

«fc •5ffi#iilSA^^*v-&ro t rnmzisz. 

[O0 9O] 01 3 (a) |C3fcaj;fc-!iflE®3iu WiGM 

e<oh«£. (b) icjtm*, ^-^msa. ^-^m& 

<0H«*S-T. 01 3|Zj:tllS. *#(tU— tfLDCDffi 

smsffii=«-r*sfi©3S«i=«fcyssA<ia^a^i=i* 

[009 1] ^#f=05tL^^Cl^A^ m2<0<l^-ii1lgSg2 5 

i=»-r*ffll*it*i*ca)Ji*t,pi«-e**. 

[0 0 9 2] **^rom-t(D|lliSCO»®^01 
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Hfi«^V L D o SAW? «aftfttt£¥«(* U— If L 

[oo9 3] bi 4icggiitai*^iTi 

««Lfc»*. S2 0)ii#ii«S»2 5a>^ii«*Cli 
»(c.i *y**lMI*fc*. tt-94MI*C0<ttf::i <fcy 

*ttt«»^i=tt. *mm*u— «f LDonffasEoaa 

[0094] «l:MLftl^ «#««»3 0lC»r 
[0 0 9 5] *§£BJ}0>mjK<DmmO>i&mZ®l 5\Z&r5 

tt**sw-*±-c* a2o>a*ii«S2'5a)a«itti* 

SSI§V L D 0 -6a**ft**»(t U-lf L 

DG>fEJI18jS«Ba>±B3Et8* T 3f=BUgLfc 

[0 0 9 6] Bl 5^^ifefi-^a3^I^m^filT*1 £t£& 

l d o rc^-r-sa^affv l D<D«nai*#Hia-£«i 
Br*. tt*aa**«i*u— if LD(Dffiffiajgj6H(o 

3&<«/jNftffls t y ¥3?<* u-if l d oifu^d 

S^fciflzfcivc* XffiS^UA«l»$frd :ttfi? 

[0097] ^wonjionmommzmi e\z&-3 

m-t*>±X^ SHBJw*»(*U-1fft!lffliSBcDtt^*fT 
ofcftlz. **a*jM*TI=J3l**BfMIEVLDiB 

^^'jA , 77734lCftSLTfe# % MBfcAASJh.* 

L D 0 £ ft 2 G><I#if*i* 2 5 (CfciJjllgSr * <k 5 1= L 
[00 98] Z.<D*OlZ**i)/*y?7 3 4£fMr* 

^•v c oaizj: yafiTR<Dai«aK«#v ldo** 
**<> aa»beicii«Mlt v l d o - v l d 

&r-jrt*fc*fcfiftLfc*ftl^ 3feth^lP0. 



a«ftiz*y*»«*»»j|^Kft-r«fc». ssftu 

Vc4«VcOJ:U**l^4l:iM 
^itffi*C-<l. V c 0«fcy*£lx«^|ztt(l-^ii*B 
*C'>1tLT«I«. %2 0>«#igffiS2 5T*li 

[0 0 9 9] £L±t=*y« ^b^HflifVcOtl 

r*ftj*fcr*i=*y« *«asftftTicfeit**ffl* 

«• 

[0 1 OO] «|zB*tftl^ <I-S|ii3SS§3 0£JiH* 

[O 1 0 1 ] *&IB<D£+(BH1£<D}&»SB1 7&tfB 
i sica^ivtRiBr*. *HS£cD^filii. fiftSosife 

3Er*«*B«B2 1 , ft 2 0)A#i|«B 2 5 fcl*Lli 

fiE£KSr **=#!::* aftftftTKasi+Sfl&AU*^ 
H»«ft V c 2 t Lfet * ©MIEV L D % «^Jt 

LfctOTffc*. 

[0 1 0 2] Bi-7l**2a)«#Jt<BB2 5*flBi^fca 

•c**sr*«*B«*«fi«-&cb*« % a^mffv 
LD**#u*;uffl»«#v c tic^ysfeS-r^fi-^S 

M3 5|zJ:ytt*Rfia?*t*. 

[0 1 0 3] Bl 8l=flmUk«3 5 0>BttBa** 
"To S^g3 5li, rt*aftftftTICj3l+**#U 

v c iiiifftEv l d tci y , m*tm« 
mm^m^coRxs^om^mmmwi^m^co iz± y 

-*tt(c***«#B«*C*fc5er*«ft**r*ti 
<7>T-S>* 0 «*tf. aSftftT 2|z*5t^T*3ltU'<;i;«j" 
«^Vc20i^ BMEi:LtVLD2tf»&ti 
Tl^*»*lzt4«*i»«*ttC2 tKSrSCtl^J: 

[oi 0 4] n** aSK<bfw*y*5ituK;ufsy««# 

V c 2^bfSS3&<T 1 CH£TL*:i§^£%*_£ 
B3T?15iBJtfc<fc5lCil|f^mffV LD 1 liVLD2 

*B*^P2ift«ic):54^>*EVm1 £**<*? 
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-f£ Cillery, Sl3tUK^$ij^li^|cS^<-S(D3fe 

as a p 2 t>ti& «fc 5 k& 

[O 1 o 5] cc-e. SfSIST2 i: LfcJg^lrfc^ 
ifg^CCDli^^El 3tai**P2A^t>P 1 I- 

i 8j=*f <fc5i-3tai*P2, -^*y. vc2ts^^i- 
fclf-SBttBff v l d t^#ia*s*c t©n«* i *s 
•ejaftcr-gxt-r-So cot #3tta*o* y v c 2 ^igjn 

LV c 1 ±Tht : £-*nE<D&Wl#tf*.2<tS;i). Wi 
ffmff V L DAW LD2± y/hSUti^lCliag^S* 

jggT2«ty«t>i:*!iwu. <i#itn^c£»*a£T 

JtWlHft&'J. i£ICl!lffmffVLDAtVLD2<ty*: 

# iMi^rc i*agA<*mag t 2 «fc y xi* t wwi l , m 
^m&m c $i¥ss t 2 ic fc it •& seat u * hvmhs- 

A<V c 2OTii^lCtt^T/J>*l,Mii£«fc-l>t.0-efc-i)„ 5fc 
aj73£ P2A*t>P 3lc3t'>£-t±fci§£l::(*. 01 8 1"* 
-T «fc 5 lc_t;£©il£r<k lii£©{I-S|iti|liSc ©MIr) £#-3 

[0 10 6] ^©.fcdl-I&ttSffV LD. fE3feU-<;Uf!) 

Wl-stv c let y -fifties -s 11 -siig*l^c 
. •B^8lll3 5S«i5.SfilfiE«!:-r*ci:lc«fcy, Sit 

atu^usiJtaim^v c (=«t y3i*s-^<03ta5*^igg 

[O 1 O 7] *l=B*LttlVbt. 2 1 ^P<I# 

[O 1 0 8] 

[BHOBII] GBQ&HlcJ:*!.!*. *S»«:U 

—yommzrsiztsi^x. *3n*u— tf©s£3/fcu*;u£ 

Ott«W*.t. IMSOTVLDOtifttEVL 

[0 10 9] |g*«2S2lt(D*WI-«>:*L«. fB*ffi 1 13 
©ft U— tfOf&Ht l"<)\>£ SfeSfc UKyu^E^^ 
fc^©<l#£2l*Sa£<i#V LDOiBMEVLDt 

©«i=fc c-cwe *4i*fl»itiwciMi-r ** 2 ©<t 

S*S&<i-S|VLDO£!!ltt«EVL D0)<t 
l*TB 2 ©fl»*ilWJ=i5l*T-Jgtt**iET * Ctl: 



<. «»wfci5]»ttjsi=«fcys££<bi=tt&-r*tta<D 

Efi#v LDOilzi y**5<s*t=it«s«M-r4« 
2 om^m^t iz#ntzmi$.iz «t y , aswttafM* 

[01 10] if*^3isi£<Dfi^i=«j:^«. nataie 
«©*«** J3i%t. e^«*B»£. * 

<ma>fi46fiS£iSti-rS*1 <0<i^«J«»i:. £*S3;h. 
fe::affl4£S*aft«*v l d o tid^Bff v ld© 

*ff5«^*D»JH8tl=«ky«I^Lfc<D^, Iiffllf 

SSS^ttS. S^SS<1#V LDOiftfttEVL D 

Hi»<tir*flil**Cfc<K. «ftn<rl!BftJftl= «fe l J S 

[0111] S*«4«2«©S6WI=J:4itf. 1S*«21B 

ti©«B^£ii^-r-&ji^ i*ass*«fliu- if©a 

IEVLD ^ t L LTm^l8*B*ro* 
[0 112] lt*^5lSiErof£B^|^ < fctili> IB** 3 IB 

as *it IE tff 5 c i *<-e # 

[0113] is*^6iem©*B^i=«k4x«, ii*^2iE 

tEVLDiOMItfiO. SBe-^tb*A«fik*fit 

my.it 1 j; y imefttifro** t * «t 3 i=««p 
LAp-rLN«fiEfr-6it * , s*t a* i=« t. r *aj * © 

[Ol 1 4] IS*«7lEiS©*B^IZ«fc4xli % |f^S3ie 
SEVLDi:©IIBe#*i: y. SB€-^aj*A<«*ffl 

xtts^fflsi: 4«^i=a^*aa* * □ t ng-r « c 
tT?. HB{i^tt*tti=(6i:T«^iiajs*<^©fiixi* 
lErofitrofatiAMZ)*-^ t * «fc 5 izum^ft -5 c t l^<fc 
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[02] ^0*tH*. KlflfSSKa^-^mSitroH^* 
3vr*SH0T?fc&. 

[@3] stta*. gittSss&u^-smssroiisro-SB 
^«ai Lit* uT*-r*giiiaT-fcs. 
[@4] sgT2ro^roi*ft*j»w$*-r^-f A^-V- 

ht5fc-5. 

[05] SIT 1 C0KOi«l^*JW«9S^-r^-1'A^V- 
[06] SgT3(OI$<7>IHt»]lW£*-f*-rA^*- 

[07] <fcyjittMfcmjseg£^0»«tf0T-fc&. 

[08] *SSE^<Dm-(OllJ6ro»®©#3H*U-if*<J(» 
SM**-r0KefiE0T7fc-6. 

[09] *VMKtotJ:mi£m£iii-t®&mrfimv&Z>. 

[01 o] *^wrom=roHifea)»Slo^3lft:U'-if«!l 
iSP^S £ iR-f 0K«j£0 -e fc •& . 

[01 1] «i:ym{*6«i4-«ifiEe9**-ri5is&eifiE0-efe 
[012] ^SE^romisatfsaErofiifecD^^-rss 
[013] *&ma&*o>mm<oi&mo)iMiiu. a^m 
[014] *&wo>WL-to>mmo>i&mo>i!tiiii3. s^s 



[01 5] )\<!>mm<»i6m<nfttirti. wi^m 

sitai/^-^ m3Scoii«^*-rtBii0^fc*. 

[0i6] x&BAo>&}ia>mm<»tem<7>!¥-m#is— 
rnmw. Em&i£® r- & 

[01 s] -f-fl>iii^jss0-cfc-5. 

[01 9] % • w&fiffimji'-y&mMzft&om-mtt 

[02 o] : E-$m^ii"igfflroffi^ii«s«£«sx'&fiE* 

0)¥3H* u— >f«»ttB £ *-riH)B&1l{/£0T- 

[S^roBtun 

1 m i o^Miiin^ 

2 sei©*- ss£*rs;u— ^ 

3 m 2 ro^niuss 

V f2 1 ©jfc • UMftl^^ 

5 mssigisss 

e, 7 -y-v^uTtv— ;u KmK 

2 1 m-^i#<i€§f 

24 m 1 ofi#it*iSi 

2 5 35 2<0{Htii*gSf 

2 9 mi <0<!*|it"lBS§ 

3 O ti^ntsa* 

3 4 yt!J/<777 
3 5 

LD ¥»*U— »f 

, P D sstefrt^ 
Q i SSS) h7>vX5 
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